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/ .  C'U is- a?> 
It has been an honor and a p leasure  t o  accept  t he  i n v i t a t i o n  of 

t h e  Honorable John A .  Burns, Governor of Hawaii, and the  o t h e r  o f f i c i a l s  

of t he  S t a t e  of Hawaii a s soc ia t ed  with him, t o  speak t o  the  Governor's 

Conference on Oceanography and Ast ronaut ics .  I n  reading the  proceedings 

of t h e  conference he ld  i n  January of l a s t  year ,  I n o t i c e  t h a t  the  main 

focus of a t t e n t i o n  was the  r o l e  o f  Science and technology i n  the  f u t u r e  

of our  n a t i o n ,  t he  n a t u r e  of s c i en t i f i c  and technologica l  development, 

and t h e  r o l e  of t he  S t a t e  of Hawaii i n  con t r ibu t ing  i t s  p a r t  t o  t h e  

advancement of sc ience  and technology and t h e i r  a p p l i c a t i o n  t o  the  

problems of t h e  modern world f o r  the b e n e f i t  of mankind. My t a l k  d e a l s  

w i th  t h e  newest of the  f r o n t i e r s  of man, inaugurated on October 4 ,  1957, 

when man f i r s t  l e f t  t h e  s u r f a c e  of the e a r t h  t o  t r a v e l  beyond t h e  atmo- 

sphere  i n  nearby space.  I be l i eve  t h a t  Hawaii must p a r t i c i p a t e  i n  t h i s  

e n t e r p r i s e  f o r  many reasons .  

I r e c a l l  a conversat ion dur ing  my v i s i t  t o  West Germany a few years  

ago f o r  t h e  purpose of explor ing  poss ib le  cooperat ion between t h e  

s c i e n t i s t s  and engineers  of West Germany wi th  t h e  United S t a t e s  i n  the  

e x p l o r a t i o n  of space,  i n  accordance wi th  one of t he  s t a t e d  o b j e c t i v e s  
- * ?  
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of the Nat ional  Aeronautics and Space Act of 1958, t o  conduct our  a c t i v i -  

t i e s  i n  cooperat ion wi th  o the r  na t ions .  My col leagues s t a t e d  f o r c e f u l l y  

t h a t  Germany mus t  f i n d  a way t o  p a r t i c i p a t e  i n  t h i s  e n t e r p r i s e  i f  i t  ever  

hoped t o  become aga in  a g r e a t  leader  i n  sc ience  and technology, f o r  the  

exp lo ra t ion  of space demands the  most advanced developments i n  p r a c t i c a l l y  

every f i e l d  of sc ience  and technology t o  new l e v e l s  of performance i n  

every r e s p e c t .  An e d i t o r i a l  i n  t he  New York T i m e s  o f  September 15, 

fol lowing a r e fe rence  t o  some remarks by Mayor W i l l y  Brandt of B e r l i n ,  

s t a t e d  t h a t  "businessmen and o f f i c i a l s  i n  many NATO coun t r i e s  sha re  h i s  

(Brand t ' s )  b e l i e f  t h a t  the  technological  ' s p i n - o f f '  from nuc lea r ,  m i s s i l e  

and space research  i s  g iv ing  American c i v i l i a n  indus t ry  a towering lead  

over i t s  European competitors.  It i s  c e r t a i n l y  an exaggerat ion t o  say ,  

a s  M r .  Brandt d i d ,  t h a t  West Germany w i l l  drop by 1975 t o  the  s t a t u s  of 

a ' l ess -developed '  n a t i o n  un le s s  i t  shares  i n  American space-age know-how.'' 

I do no t  b e l i e v e  t h a t  every country of t he  world must n e c e s s a r i l y  

engage i n  the  launching of s a t e l l i t e s  and space probes, a l though by 

means of b i l a t e r a l ,  r eg iona l ,  and global  agreement many na t ions  can 

p a r t i c i p a t e  even i n  such a c t i v i t i e s .  I be l i eve  t h a t  many na t ions  can 

c o n t r i b u t e  through t h e  use of sounding rockets  and perhaps smal l  e a r t h  

s a t e l l i t e s ,  and t h a t  oppor tun i t i e s  can be made a v a i l a b l e  f o r  t he  s c i e n -  

t i s t s  of  t he  world t o  p a r t i c i p a t e  i n  both ground-based experiments 

e s s e n t i a l  t o  t h e  space program and i n  t h e  f l i g h t  experiments.  

Hawaii, of course,  i s  one of our own f i f t y  s t a t e s  and has  a l r eady  

begun t o  make s u b s t a n t i a l  con t r ibu t ions  t o  our n a t i o n a l  program. I r e f e r  

p a r t i c u l a r l y  t o  the  Kokee Tracking S t a t i o n  i n  Kokee Park,  which is  one 
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of the  worldwide chain of s t a t i o n s  for  our  manned space f l i g h t  programs, 

and t o  our a s s o c i a t i o n  wi th  the  Univers i ty  of Hawaii, looking t o  the  

expansion of as t ronomical  f a c i l i t i e s ,  p a r t i c u l a r l y  f o r  more i n t e n s i v e  

obse rva t ion  of t he  p l ane t s  on which we hope t o  land s c i e n t i f i c  i n s t r u -  

ments w i t h i n  t h e  next  few y e a r s ,  and t o  which, i n  t h e  more d i s t a n t  f u t u r e ,  

we hope t o  send man h imsel f .  You a re  a l l  f a m i l i a r  wi th  the  n a t u r a l  

resources  of Hawaii which make it  most s u i t a b l e  f o r  t h i s  purpose.  I 

no te  a l s o  your a s s o c i a t i o n  with t h e  Communications S a t e l l i t e  Corporat ion,  

l ead ing  t o  an important r o l e  of Hawaii i n  t he  g loba l  communications v i a  

s a t e l l i t e .  

But I be l i eve  t h a t  t h e  i n t e r e s t  of t he  c i t i z e n s  of Hawaii i n  space 

e x p l o r a t i o n  and i t s  importance t o  them l i e s  no t  s o l e l y  i n  t h e  economic 

b e n e f i t s  t h a t  i t  may br ing  o r  i n  the m a t e r i a l  t o o l s  which i t  may con- 

t r i b u t e  t o  our phys ica l  environment. Man is d i s t ingu i shed  from o t h e r  

forms of l i f e  by h i s  powers of reasoning and by h i s  s p i r i t u a l  a s p i r a t i o n s .  

Already t h e  events  of t h e  l a s t  seven years  have had a profound impact on 

a l l  human a f f a i r s  throughout the  world. Repercussions have been f e l t  i n  

s c i e n c e ,  i ndus t ry ,  educat ion,  government, law, e t h i c s ,  and r e l i g i o n .  No 

a r e a  of  human a c t i v i t y  o r  thought has escaped. The toys  of our  c h i l d r e n ,  

t h e  ambit ions of our  young men and women, t h e  fo r tunes  of i n d u s t r i a l i s t s ,  

t h e  d a i l y  t a s k s  of diplomats ,  t he  careers  of m i l i t a r y  o f f i c e r s ,  t he  

pronouncements of high church o f f i c i a l s  - -  a l l  have r e f l e c t e d  the  a l l -  

pervading inf luence  of the  beginning s t e p s  i n  space e x p l o r a t i o n .  The 

impact can only be compared wi th  those g r e a t  developments of pas t  h i s t o r y  

l i k e  t h e  Copernican theory which placed t h e  sun, r a t h e r  than the  e a r t h ,  
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a t  t he  cen te r  of our  s o l a r  system; t h e  work of S i r  I s aac  Newton i n  

r e l a t i n g  the  f a l l  of an apple  t o  the motion of t he  moon around the  e a r t h  

through t h e  u n i v e r s a l  law of g r a v i t a t i o n ;  t o  t h e  i n d u s t r i a l  r evo lu t ion ;  

o r  o the r  g r e a t  landmarks i n  t.he h i s t o r y  of mankind. 

The o r i g i n  of sc ience  can b e  t raced  f a r  back i n  the  d i s t a n t  p a s t .  

A r i s t o t l e  i s  quoted a s  saying t h a t  t rue  sc ience  is  t h e  search  of na tu re  

i n  the  s p i r i t  of t r u e  s c i e n t i f i c  c u r i o s i t y .  For hundreds of yea r s ,  

s c i ence  was mainly a pure ly  i n t e l l e c t u a l  a c t i v i t y ,  involving l i t t l e  of 

what we  now c a l l  experimental  science.  Much has been w r i t t e n  about those 

o b j e c t i v e s  of s c i ence  which r e l a t e  to  gaining an understanding of the 

e n t i r e  un iverse  i n  which we l i v e ,  of t he  exci tement  of s tudying t h e  

unknown, and of t he  con t r ibu t ion  of sc ience  t o  man's i n t e l l e c t u a l  and 

s p i r i t u a l  l i f e .  I wish t o  t u r n ,  however, t o  another  aspec t  of s c i e n t i f i c  

and t echno log ica l  development, which I may desc r ibe  a s  t h e  i n t e r a c t i o n  

of s c i ence ,  technology, and s o c i a l  need. 

There i s  a mistaken impression i n  some c i r c l e s  today t h a t  s c i e n t i f i c  

and t echno log ica l  development always proceeds by an o r d e r l y  process  i n  

which, f i r s t ,  t h e r e  i s  a b a s i c  concept o r  theory ,  followed by expe r i -  

mental  v e r i f i c a t i o n ,  lead ing  t o  f u r t h e r  t h e o r e t i c a l  and experimental  

i n v e s t i g a t i o n s  and appl ied  r e sea rch ,  followed f i n a l l y  by a p p l i c a t i o n  t o  

some s o c i a l  need. Actua l ly ,  of course,  t h e  s i t u a t i o n  i s  not  SO s imple ;  

t h e  s i t u a t i o n  i s  a dynamic one wi th  con t inua l  i n t e r a c t i o n s  between theory ,  

experiment ,  a p p l i c a t i o n ,  and s o c i a l  need. In  my reading  of the  h i s t o r y  

of s c i e n t i f i c  development, I have been impressed t ime and t i m e  again by 

t h e  almost  dominant r o l e  of t h e  s p e c i f i c  s o c i a l  environment i n  which the  
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s c i e n t i s t  and engineer  work, which in  most i n s t ances  seems t o  be a pre-  

r e q u i s i t e  f o r  t he  i n t e n s i v e  development of t h e  s c i e n t i f i c  concept i t s e l f  

as we l l  a s  t he  ensuing technology. One o r  two examples w i l l  i l l u s t r a t e .  

Most of t h e  work f o r  which Pasteur i s  famous o r i g i n a t e d  i n  the  s o c i a l  

needs of t he  community i n  which he worked. Beginning i n  1854 he addressed 

himself t o  the  reason f o r  unsa t i s f ac to ry  r e s u l t s  ob ta ined  i n  t h e  fermenta- 

t i o n  of beer ,  and i n  1857 showed t h a t  t he  t roub le s  a rose  from small  

organisms which i n t e r f e r e d  wi th  the  growth of yeast  ce l l s  r e spons ib l e  f o r  

fe rmenta t ion .  La ter  he turned h i s  a t t e n t i o n  t o  s i m i l a r  problems i n  the  

product ion of good wine. L a t e r ,  under g r e a t  s o c i a l  p re s su re ,  he s tud ied  

the  smal l  organisms r e spons ib l e  f o r  c e r t a i n  d i s e a s e s  of the  silkworm, of 

c a t t l e ,  of chickens,  and of dogs and man. Thus s o c i a l  needs provided t h e  

incen t ive  f o r  and the  support  of Pas t eu r ' s  s c i e n t i f i c  work i n  so lv ing  t h e  

"problems of t h e  i n f i n i t e l y  small . ' I  

Another c l a s s i c  s t o r y  begins  with t h e  work of James Maxwell s t a r t i n g  

about 1850. In  1865 and 1873 he descr ibed the  propagat ion of e l e c t r o -  

magnetic waves and suggested t h a t  l i g h t  was a phenomenon produced by the  

t r a v e l  of e lec t romagnet ic  waves i n  t h e  e t h e r .  

mental  demonstrat ion of e l e c t r i c  waves w a s  by Her tz  i n  1883, who invented 

an o s c i l l a t o r  t o  produce such waves. There was some l imi t ed  f u r t h e r  

t h e o r e t i c a l  and experimental  development by s c i e n t i s t s  such a s  Lodge and 

Righi  i n  the  l a s t  two decades of t h e  n ine teenth  century .  Marconi began 

a s tudy  of t he  a p p l i c a t i o n  of e l e c t r i c  waves t o  s i g n a l i n g  i n  1895 and 

succeeded i n  sending s i g n a l s  ac ross  the A t l a n t i c  i n  1901. I th ink  i t  is  

now obvious t o  everyone t h a t  t h i s  app l i ca t ion  by Marconi t o  a p r a c t i c a l  

I b e l i e v e  t h e  f i r s t  expe r i -  
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s o c i a l  need marked the  beginning of g r e a t l y  increased  support  f o r  theo-  

r e t i c a l  and experimental  r e sea rch  i n  t h i s  f i e l d ,  t h a t  i t  marked the  

foundat ion of very  l a r g e  i n d u s t r i a l  developments, and t h a t  t h e r e  has been 

a very g r e a t  s o c i a l  impact. 

These cases  a r e  of course the  t r a d i t i o n a l  ones t h a t  everyone quotes .  

There a r e  many o t h e r s ,  such a s  the  development of p r o b a b i l i t y  theory and 

modern s t a t i s t i c s  from t h e  " soc ia l  need" of t he  members of h igh  s o c i e t y  

i n  France i n t e r e s t e d  i n  gambling. 

I be l i eve  t h a t  i n  our  world today s o c i a l  needs have become much 

more complex and go f a r  beyond the  ma te r i a l  a spec t s  of our  l i f e .  

time ago, a t  t he  b i cen tenn ia l  ce l eb ra t ion  of t he  Smithsonian I n s t i t u t i o n  

i n  Washington, t he  humanist L e w i s  Mumford a t t acked  t h e  no t ion  t h a t  man i s  

a c r e a t u r e  whose u s e  of t o o l s  played the  l a r g e s t  formative p a r t  i n  h i s  

development. 

away, so  t h a t  he w i l l  become a func t ion le s s ,  workless  being,  condi t ioned 

t o  accept  only what t he  Megamachine o f f e r s  him: an automation wi th in  a 

l a r g e r  s y s t e m  of automation, condemned t o  compulsory consumption, a s  he 

was once condemned t o  compulsory production. In s t ead  of l i b e r a t i o n  from 

work being the  ch ief  con t r ibu t ion  of mechanization and automation, I 

sugges t  t h a t  l i b e r a t i o n  f o r  work, fo r  educa t ive  mind-forming work, s e l f -  

rewarding even on the  lowest phys io logica l  l e v e l ,  may become the  most 

s a l u t a r y  c o n t r i b u t i o n  of a l i f e - c e n t e r e d  technology." 

A s h o r t  

Sa id  Mumford, !'By what l o g i c  do w e  now take  these  t o o l s  

I be l i eve  t h a t  a c t i v i t i e s  i n  the exp lo ra t ion  of  space r ep resen t  a 

" s o c i a l  need" i n  t h i s  broader sense .  That i t  i s  a modern s o c i a l  need i s  

recognizable  from the  passage of the Nat iona l  Aeronautics and Space Act 



7 

and the  appropr i a t ion  of l a r g e  sums of money by t h e  Congress. This  

s o c i a l  need provides t h a t  e s s e n t i a l  environment t o  a c c e l e r a t e  g r e a t l y  

the  growth of t h e o r e t i c a l  and experimental  sc ience  i n  many a r e a s .  It 

i s  t r u e  t h a t  t h i s  a c c e l e r a t e d  growth in  sc ience  and technology i s  essen-  

t i a l  t o  t he  on-going development of space c a p a b i l i t y ,  bu t  a deeper 

s i g n i f i c a n c e  is  t h e  complex, dynamic i n t e r a c t i o n  between sc i ence ,  t ech-  

nology, and space exp lo ra t ion ,  which i s  e s s e n t i a l  t o  t he  growth of 

s c i ence ,  technology, and space explora t ion .  In  t h i s  case ,  a s  i n  the  

cases  prev ious ly  c i t e d ,  t o  use an analogy from bac te r io logy ,  t h e r e  has 

t o  be a n u t r i e n t  s o l u t i o n  (money and employment oppor tun i t i e s )  t o  feed  

t h e  s c i e n t i f i c  and technologica l  e f f o r t .  And a s  soon as t h i s  environment 

i s  provided, many l a t e n t  e f f o r t s  i n  science and technology begin t o  

a s s e r t  themselves and move forward. 

It i s  f o r  reasons such a s  t h i s  t ha t  the  c i t i z e n s  of our n a t i o n ,  

inc luding  those  of Hawaii, and i n  f a c t  t h e  c i t i z e n s  of t he  world,  have 

a s t a k e  i n  t h e  exp lo ra t ion  of space.  

The fundamental goa ls  of our  n a t i o n ' s  space a c t i v i t i e s  were expressed 

by Congress i n  the  Nat iona l  Aeronautics and Space Act of 1958. The f i r s t  

of t h e s e  i s  the  expansion of human knowledge of t h e  atmosphere and space,  

a goa l  which the  P r e s i d e n t ' s  Science Advisory Committee l a t e r  r e s t a t e d  

a s  t h e  "explorat ion of o u t e r  space in  response t o  the  compelling urge of  

man t o  explore  and t o  d i scove r . "  Pr ior  t o  1957, t he  exp lo ra t ion  of o u t e r  

space w a s  c a r r i e d  on by astronomers in  obse rva to r i e s  on the  ground, 

a l though some information about t he  lower atmosphere was obtained from 

sounding r o c k e t s ,  ba l loons ,  and a i rp l anes .  All of t h e  information came 
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t o  the astronomer i n  the  form of waves r a d i a t e d  from the  sun, t h e  s t a r s ,  

and p l ane t s  t h a t  reached our  te lescopes and spectrographs on the  ground. 

Much of t h i s  r a d i a t i o n  i s  blanketed out by t h e  atmosphere, so  t h a t  only 

a small  f r a c t i o n  reaches the  ground. However, during the  pas t  c e n t u r i e s ,  

astronomers have learned  a g r e a t  deal  about t h e  composition of t he  s t a r s ,  

t h e i r  l i f e  h i s t o r i e s  from the  t i m e  of b i r t h  i n  the  chance condensation 

ou t  of t h e  gas and dus t  of i n t e r s t e l l a r  space,  t o  t h e i r  eventua l  des t ruc -  

t i o n  and the  explosion of t he  supernovae. 

Now t h e  new t o o l s  of space exp lo ra t ion ,  t he  sounding rocke t ,  t h e  

s a t e l l i t e ,  and the  space probe,have made it poss ib l e  t o  put instruments  

above the  atmospheric c u r t a i n  t o  cover the  e n t i r e  wavelength range from 

gamma rays  t o  r a d i o  waves. Instruments can now be s e n t  t o  the  n e a r e s t  

p l a n e t s ,  and probably i n  a few years t o  the  ou te r  reaches of the  s o l a r  

system. The knowledge obta ined  by these  t o o l s  has  come t o  be known a s  

space sc i ence ,  bu t  i t  is  important t o  remember t h a t  t h i s  f i e l d  i s  merely 

an ex tens ion  of numerous s c i e n t i f i c  d i s c i p l i n e s  i n t o  the  domain of space 

by means of t h e  new t o o l s .  

Space sc ience  has  a l r eady  opened up completely new v i s t a s  on some 

of  t h e  o l d e s t  and most fundamental problems cha l lenging  sc i ence ,  i nc lud -  

ing t h e  s t r u c t u r e  of  t he  universe ,  the abundance of t he  elements i n  the  

cosmos, t he  evo lu t ion  of t he  stars and g a l a x i e s ,  t he  formation of t h e  

sun,  and the  o r i g i n  of t he  e a r t h .  Extensive exp lo ra t ion  has a l r eady  

been c a r r i e d  ou t  i n  t h e  nea r -ea r th  reg ion ,  t h e  upper atmosphere, t h e  

ionosphere,  and the  magnetosphere in which the  magnetic f i e l d  l i n e s  

anchored i n  t h e  e a r t h  extend out in to  space.  The i n v e s t i g a t i o n s  have 
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been extended i n t o  t h e  i n t e r p l a n e t a r y  medium beyond the  inf luence  of the  

e a r t h ' s  magnetic f i e l d .  F i n a l l y ,  exterisive a t t e n t i o n  has been given t o  

the sun, whose a c t i v i t y  i s  respons ib le  f o r  many of t he  phenomena observed 

i n  the  space near  the  e a r t h .  Fur ther ,  a beginning has  been made on 

astronomical  i n v e s t i g a t i o n s  made above t h e  b lanket ing  inf luence  of t he  

e a r t h ' s  atmosphere. 

In the  September i s sue  of PHYSICS TODAY, D r .  Homer Newel1 reviews 

the  impact of space techniques on geophysics. F i r s t ,  space techniques 

have provided new t o o l s  f o r  s tudying o ld  problems i n  such a r e a s  a s  

geodesy, meteorology, upper atmospheric phys ics ,  ionospheric  r e sea rch ,  

and sun-ear th  r e l a t i o n s h i p s .  Second, space exp lo ra t ion  has  turned up a 

number of e x c i t i n g  new problems, g r e a t l y  broadening the  scope of t he  

d i s c i p l i n e .  

on t h e  f l i g h t  of Explorer  I l e d  t o  the acceptance of a new concept ,  

namely, t h a t  of t he  magnetosphere. It pointed t o  r e l a t i o n s h i p s  among 

the  s o l a r  wind, which w a s  discovered by instruments  i n  space probes,  

t he  magnetosphere, t he  r a d i a t i o n  b e l t s ,  t he  au ro ra ,  magnetic s torms,  

ionospher ic  d i s tu rbances ,  and possibly even some inf luence  of p a r t i c l e  

r a d i a t i o n s  on our  weather .  

For example, t he  discovery of t h e  Van Allen Radiat ion B e l t  

Thi rd ,  a s  space probes,  and eventua l ly  men, reach o the r  bodies  of 

t h e  s o l a r  system, such a s  the moon and p l a n e t s ,  the  domain of geophysics 

grows beyond t h e  conf ines  of a s i n g l e  body of t h e  s o l a r  system and throws 

new l i g h t  on t h e  s tudy of our own p l ane t .  Everyone i s  f a m i l i a r  wi th  the  

v a s t  amount of information obtained i n  t h r e e  t e l e v i s i o n  t ransmiss ions ,  

l a s t i n g  less than 30 minutes each, from Rangers V I I ,  V I I I ,  and I X .  
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The instruments  of t hese  t h r e e  spacec ra f t  s en t  back a t o t a l  of some 

17,000 u s e f u l  photographs of the  lunar s u r f a c e  from a l t i t u d e s  ranging 

from more than 1000 mi les  i n  space down t o  v i r t u a l l y  the  poin t  of impact. 

These photographs,  by f a r  the  b e s t  ever taken of t h e  moon, were so  c l e a r  

t h a t  astronomers can d i s t i n g u i s h  d e t a i l s  a s  small  a s  18 inches ac ross ,  

wi th  an  accuracy 2000 times b e t t e r  than p i c t u r e s  taken from e a r t h  with 

convent ional  t e l e scopes .  The success of  t he  Mariner I V  f l i g h t  t o  the  

p l ane t  Mars i s  w e l l  known. P h i l i p  H. Abelson, e d i t o r  of t h e  magazine 

SCIENCE, September i s s u e ,  s t a t e s  t h a t  "the r e s u l t s  of t he  Mariner I V  

mission c o n s t i t u t e  the  most important advance i n  space r e sea rch  s i n c e  

the  d iscovery  of t h e  Van Al len  Radiat ion Be l t s . "  Photographs show t h a t  

Mars resembles the  moon i n  topography by e x h i b i t i n g  many c r a t e r s  bu t  no 

evidence of mountain cha ins .  The magnetic f i e l d  of Mars i s  no t  more 

than 1/1000 t h a t  of t h e  e a r t h ,  and Mars has  no r a d i a t i o n  b e l t .  One 

experiment g ives  independent evidence t h a t  the  atmosphere of Mars i s  

tenuous and un l ike  t h a t  of t h e  e a r t h .  

The s u b j e c t  of t h i s  t a l k  emphasizes the  manned space f l i g h t  program, 

SO t h a t  f u r t h e r  t i m e  cannot be given t o  the  space sc ience  program i n  

t h i s  t a l k .  I do wish t o  remind you, however, t h a t  t he  s c i e n t i f i c  

measurements of t he  space environment a r e  abso lu t e ly  e s s e n t i a l  i n  t he  

des ign  of s a t e l l i t e s  and space probes,  whether manned o r  unmanned, i n  

o rde r  t o  a s su re  t h e i r  success fu l  opera t ion  i n  space.  Thus Mariner I V ,  

r e p r e s e n t i n g  a superb engineer ing achievement, r equ i r ing  the  proper  

func t ion ing  of 134,000 p a r t s  a f t e r  seven months i n  space,  could n o t  have 

been s u c c e s s f u l l y  designed t o  meet t h e  r i g o r s  of the  space environment 
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without the advance knowledge provided by the scientific exploration of 

space. 

~ 

A s  we pursue investigations in basic science in the space program, 

we are also developing areas of applications such as meteorology and 

communications. These, as much as anything else we do, will serve to 

knit closer together the peoples of this earth in a bond of better 

understanding of each other's problems and of mutual assistance and 

benefits that will come with better weather predictions. Nine Tiros 

meteorological satellites have been launched, as well as the first of 

the second-generation meteorological satellites, Nimbus I. Cloud pic- 

tures from these satellites are now being used daily by operational 

meteorologists in their weather predictions, as well as being used for 

research on the dynamics of the weather. Their role in the location and 

following of hurricanes has been well publicized. Equipment has been 

developed which automatically transmits the cloud pictures seen by Tiros 

to telemetry stations within range, so that any country is able to observe 

the local weather immediately on passage of the satellite. 

Eight successful communication satellites have been launched of 

three types, namely: passive, two Echo spheres; low altitude active, 

including two Telstars and two Relays; and two synchronous satellites, 

Syncom I1 and 111. These satellites have been used to demonstrate trans- 

continental and transoceanic communication in all its forms, including 

telephone, teletype, and television. The experimental work carried out 

by these satellites forms a foundation for the operational system now 

being established by the Communications Satellite Corporation in 
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cooperat ion wi th  many o the r  n a t i o n s .  There a r e  no r e a l  t echn ica l  b a r r i e r s  

t o  communication between ind iv idua l s  anywhere i n  the  world, no ma t t e r  how 

remote t h e i r  l o c a t i o n s .  There a r e ,  however, many o the r  problems, espe-  

c i a l l y  economic ones i n  providing t h e  wider networks of ground communica- 

t i o n  from the  ind iv idua l  t o  the  t r ansmi t t i ng  and rece iv ing  te rmina ls  

which a r e  l inked  v i a  the  s a t e l l i t e .  Ce r t a in ly  i n  the  next  decade i n t e r -  

n a t i o n a l  r a d i o  and t e l e v i s i o n  w i l l  be almost a s  commonplace a s  l o c a l  

broadcas ts .  

A l l  of our f l i g h t  missions a r e  undergirded by a program of advanced 

r e sea rch  and technology, c a r r i e d  ou t  i n  in-house government l a b o r a t o r i e s  

of NASA and o t h e r  government agencies ,  and i n  i n d u s t r i a l  and u n i v e r s i t y  

l a b o r a t o r i e s  under c o n t r a c t .  The work ranges from b a s i c  r e sea rch  t o  

app l i ed  r e sea rch  and advanced technologica l  development, and t h e r e  a r e  

l i t e r a l l y  thousands of p r o j e c t s  which cannot be descr ibed  he re  i n  d e t a i l .  

The p r i n c i p a l  f i e l d s ,  a l l  r e l e v a n t  to  space exp lo ra t ion ,  a r e  phys i ca l  

s c i ence ,  engineer ing sc i ence ,  cosmological s c i ence ,  socio-economic 

s t u d i e s ,  v e h i c l e  systems technology, t r ack ing  and d a t a  a c q u i s i t i o n  and 

process ing ,  space opera t ions  technology, space propuls ion technology, 

f l i g h t  medicine and biology,  b a s i c  medical and behaviora l  s c i ences ,  and 

space biology ( e f f e c t s  of space environment on b i o l o g i c a l  phenomena and 

e x t r a t e r r e s t r i a l  l i f e ) .  

A t  presen t  something more than h a l f  of our  n a t i o n a l  space e f f o r t  i s  

devoted t o  manned space f l i g h t .  

S u b s t a n t i a l  progress  i n  manned space f l i g h t  i n  o r b i t  about t he  e a r t h .  

On February 22 ,  1962, John Glenn made t h r e e  o r b i t s  i n  Fr iendship  7 .  

Within t h e  p a s t  t h ree  years  w e  have made 
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On May 24, t h e  same year, S c o t t  Carpenter made t h r e e  o r b i t s  i n  Aurora 7.  

On October 3 ,  Walter S c h i r r a  made s i x  o r b i t s  i n  Sigma 7. And the  program 

was completed wi th  the  f l i g h t  of Gordon Cooper on May 15, 1963, i n  F a i t h  7 ,  

f o r  22 o r b i t s .  P ro jec t  Mercury demonstrated t h a t  man can t ake  h i s  environ-  

ment w i th  him i n t o  space and t h e r e  do u s e f u l  work, f o r  f l i g h t  du ra t ions  up 

t o  one day. 

A t t en t ion  was then turned t o  the  Gemini program, and the  f i r s t  

developmental f l i g h t  took p lace  on A p r i l  8 ,  1964, with  t h e  success fu l  

demonstrat ion of t he  launch v e h i c l e  and guidance systems and of t he  

s t r u c t u r a l  i n t e g r i t y  and compat ib i l i ty  of the  s p a c e c r a f t  and launch 

v e h i c l e .  A second unmanned f l i g h t ,  Gemini 2 ,  on January 19, 1965, 

u t i l i z e d  t h e  Gemini capsule  with a l l  of i t s  subsystems i n  a proof t e s t .  

Then on March 23, t he  f i r s t  manned f l i g h t ,  Gemini 3 ,  was accomplished by 

V i r g i l  Grissom and John Young, cons i s t ing  of t h r e e  o r b i t s .  On June 3 ,  

James McDivitt  and Edward White t rave led  i n  Gemini 4 f o r  62 o r b i t s .  On 

one of t hese  o r b i t s ,  Edward White walked i n  space,  and I w i l l  show you a 

c o l o r  f i l m  of h i s  walk a t  t he  end of t h i s  t a l k .  On August 19, Gordon 

Cooper and Charles  Conrad completed an e ight -day  mission i n  Gemini 5 ,  

which n o t  only placed our  country i n  f i r s t  p l ace  f o r  du ra t ion  of mission 

bu t  a l s o  broke s e v e r a l  o the r  records.  

ing  i n  space t o  change o r b i t  w a s  demonstrated, and c e r t a i n  experiments 

were made t o  s tudy the  problem o f  rendezvous wi th  another  s p a c e c r a f t .  

Much more important ,  t he  Gemini 5 f l i g h t  demonstrated t h a t  P r o j e c t  

Apollo,  which w i l l  send American explorers  t o  t h e  moon and back, i s  w e l l  

w i t h i n  t h e  phys ica l  c a p a b i l i t i e s  of human a s t r o n a u t s .  In  the  words of 

The use  of propuls ion  f o r  maneuver- 
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one of t he  engineers ,  t h i s  f l i g h t  qua l i f i ed  the  f i r s t  subsystem of P ro jec t  

Apollo, i . e . ,  t h e  human crew, f o r  the lunar  mission.  

The broad purpose of t h e  Apollo program i s  the  es tab l i shment  of a 

n a t i o n a l  competence f o r  manned space f l i g h t  out  t o  d i s t a n c e s  of t he  moon, 

inc luding  the  i n d u s t r i a l  base,  t r a ined  personnel ,  ground f a c i l i t i e s ,  

f l i g h t  hardware, and ope ra t iona l  experience.  The use  of t h i s  c a p a b i l i t y  

f o r  manned f l i g h t  t o  t h e  moon and r e t u r n  and f o r  f u r t h e r  space explora-  

t i o n s  out  t o  d i s t ances  of t he  moon is intended t o  b r ing  about United 

S t a t e s  l eade r sh ip  i n  space.  We then w i l l  be i n  a p o s i t i o n  t o  do whatever 

our  n a t i o n a l  i n t e r e s t s  r e q u i r e  in  the f u r t h e r  s tudy and use  of t h i s  new 

environment. 

The p lan  f o r  reaching t h e  moon i n  P ro jec t  Apollo, as the  culminat ion 

of  our  e f f o r t s  during t h i s  decade t o  master  t he  new environment of space,  

c a l l s  f o r  sending t h r e e  a s t r o n a u t s  i n t o  o r b i t  about t he  e a r t h  and then on 

a course toward the  moon. Near the  moon a rocke t  i s  f i r e d  t o  slow the  

Apollo spacec ra f t  s o  t h a t  it goes in to  an o r b i t  around the  moon. Two 

a s t r o n a u t s  then  t r a n s f e r  t o  a moon f e r r y  v e h i c l e ,  f i r e  a r e t r o  rocke t ,  

and descend t o  the  lunar  landing ,  using rocke t  t h r u s t  a s  a braking fo rce  

s i n c e  t h e r e  i s  no atmosphere. The crewmen t ake  t u r n s  leav ing  t h e  f e r r y  

v e h i c l e  i n  t h e i r  l una r  space s u i t s  t o  explore  the  c r a t e r e d  s u r f a c e  of 

t h e  moon. 

Returning t o  the  f e r r y  veh ic l e ,  t h e  two a s t r o n a u t s  f i r e  rocke t s  

t h a t  shoot  them upward t o  r e j o i n  the Apollo spacec ra f t  and then head 

back toward e a r t h  and the  t i n y  co r r ido r  about 40 miles  h igh  through which 

they  can s a f e l y  e n t e r  t he  atmosphere from space.  P ro tec t ed  by a hea t  
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s h i e l d ,  and i n  the  l a t e r  stages slowed by atmospheric drag and by para-  

chutes ,  t he  a s t r o n a u t s  r e t u r n  t o  e a r t h .  

To perform t h i s  mission,  many c a p a b i l i t i e s  must be developed and 

p r a c t i c e d ,  inc luding  the  development of rocke t s  capable of launching t h e  

r equ i r ed  load t o  the  moon, of making pa th  c o r r e c t i o n s ,  of brak ing ,  and of 

tak ing  o f f  from the moon; the  development of the technique of br inging  

two s p a c e c r a f t  t oge the r  i n  space,  which we c a l l  rendezvous; t he  develop- 

ment of t he  technique of phys i ca l ly  jo in ing  them t o  become a s i n g l e  space-  

c r a f t ,  which we c a l l  docking; the  development of c a p a b i l i t y  of a s t r o n a u t s  

t o  ope ra t e  o u t s i d e  t h e  spacec ra f t  i n  space ;  t he  development of maneuverable 

s p a c e c r a f t ;  and the  development of guidance and c o n t r o l  f o r  a l l  phases of 

t he  mission inc luding  r e e n t r y .  

been demonstrated.  

Some of t hese  c a p a b i l i t i e s  have a l r eady  

The development of  rendezvous and docking begins wi th  P r o j e c t  Gemini, 

t h e  two-man s p a c e c r a f t ,  which a l s o  permits an e a r l y  t e s t  of t he  c a p a b i l i -  

t i e s  of men and machines up t o  periods of two weeks. 

The Apollo three-man spacec ra f t  w i l l  be f u l l y  exe rc i sed  i n  e a r t h  

o r b i t ,  p r a c t i c i n g  near  t he  e a r t h  the rendezvous and docking maneuvers 

wi th  t h e  a c t u a l  v e h i c l e s  l a t e r  t o  be used near  t he  moon. It i s  es t imated  

t h a t  NASA a s t r o a n u t s  w i l l  have accumulated a t  l e a s t  2000 hours of space 

f l i g h t  time before  we at tempt  the  moon voyage. 

The achievement of our  space goals  r e q u i r e s  hard work, r e source fu l -  

n e s s ,  and da r ing .  It r e q u i r e s  t h e  s k i l l s  and a b i l i t i e s  of s c i e n t i s t s ,  

eng inee r s ,  educa tors ,  i n d u s t r i a l i s t s ,  a r t i s a n s ,  and craftsmen a l l  over 

t h e  Nat ion,  and it  r e q u i r e s  the  determinat ion of t he  American people.  
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It i s  the  a i m  of NASA t o  marshal a nationwide team of  the  most competent 

p a r t i c i p a n t s  working toward a common goal i n  such manner as t o  s t r eng then  

our  f r e e  i n s t i t u t i o n s  i n  indus t ry ,  u n i v e r s i t i e s ,  government , and l o c a l  

communities . 
We a r e  ca r ry ing  forward an a c t i v e  n a t i o n a l  space program, n o t  

l i m i t e d  t o  t h e  moon, encompassing sc ience ,  advanced engineer ing ,  and 

p r a c t i c a l  a p p l i c a t i o n s ,  inc luding  manned space f l i g h t .  

We a r e  bu i ld ing  toward pre-eminence i n  every phase of  space a c t i v i t y  

- - a l l  t h e  way from microscopic  e l e c t r o n i c  components t o  s k y s c r a p e r - t a l l  

rocke t s .  

We a r e  bu i ld ing  a network of l a rge - sca l e  engineer ing  f a c i l i t i e s ,  

spaceyards,  proving grounds, and spaceports  t o  assemble, t e s t ,  and 

launch t h e  space v e h i c l e s  we need now and i n  the  f u t u r e .  

W e  are c r e a t i n g  new n a t i o n a l  resources  of l a s t i n g  va lue  i n  these  

f a c i l i t i e s ;  i n  the  i n d u s t r i a l  and managerial c a p a b i l i t i e s  we  a r e  develop- 

i n g ;  and i n  t h e  growing number of s c i e n t i s t s  and engineers  who are 

l e a r n i n g  about space and space technology. 

We a r e  f i l l i n g  the  p ipe l ines  of hardware and knowledge, and, a s  

measured by t h e  f i n a n c i a l  resources  r equ i r ed ,  were about halfway toward 

ou r  f i r s t  manned lunar  mission i n  mid-1965. 

We a r e  accumulating, i n  space ,  t he  b a s i c  s c i e n t i f i c  knowledge about 

t h e  e a r t h ,  t he  s o l a r  system, the  universe ,  and about man h imsel f .  

We a r e  b r ing ing  b e n e f i t s  no t  only t o  the  United S t a t e s  bu t  t o  a l l  

t h e  world through the  use of space and space technology, employing such 

new t o o l s  a s  weather,  communications, and nav iga t iona l  s a t e l l i t e s ,  and 
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applying space-based techniques,  equipment, and m a t e r i a l s  t o  improve 

i n d u s t r i a l  products ,  p rocesses ,  and se rv ices .  

We a r e  providing a much-needed s t imulus t o  the  ene rg ie s  and c r e a t i v  

i t y  of people everywhere, p a r t i c u l a r l y  t o  the  minds and a s p i r a t i o n s  of 

young people.  

We a r e  br inging  about increased  economic a c t i v i t y  a t  a t i m e  when 

t h e  e f f e c t s  of  automation on our  s o c i e t y  a r e  beginning t o  be f e l t .  

And we a r e  making c e r t a i n ,  through our sus t a ined  e f f o r t s ,  t h a t  t he  

realm of space now opening up t o  u s  s h a l l  be a domain of freedom. 

It i s  f o r  t hese  reasons t h a t  we have mounted the  g r e a t e s t  peace- 

time undertaking i n  the  h i s t o r y  of mankind. 

L a s t  year t he  German space pioneer Hermann Oberth quoted a word 

from h i s  deceased co l league  Eugen SBnger i n  a paper on "The Meaning of 

Space Travel"  a s  fol lows:  "Nature has placed a k indly  v e i l  over t he  

goa l s  which i t  has f o r  us  humans i n  her  cosmic plan.  In  o rde r  t o  lead  

US t o  t hese  goa l s ,  i t  has  p lan ted  wi th in  us  no t  only a b r i g h t  i n t e l l e c t  

i n  t h e  b r a i n  bu t  a l s o  obscure impulses a s  a compass i n  our b r e a s t s .  

E t e r n a l  un res t  and the  w i l l  t o  go t o  f a r  p laces  f o r  thousands of cen- 

t u r i e s  l e t  mankind wander over  t he  e n t i r e  e a r t h .  This  e t e r n a l  longing 

t o  wander l e t  u s  develop land ,  s e a ,  and a i r  t r a n s p o r t a t i o n .  From t h e  

ve ry  beginning only  t h e  bare  human i n s t i n c t s  have determined the  d i r e c -  

t i o n s  of human h i s t o r y  u n t i l  today and brought us  t o  the  threshold  of 

space  t r a v e l .  Only the  unc lear  d i s t a n t  t r a v a i l  of humanity w i l l  now 

l e a d  u s  over t h i s  th reshold .  

event born i n  the  deepes t  depths  of t h e  human s o u l ,  before  which w e  can 

Space f l i g h t  comes upon us  a s  a n a t u r a l  
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only s tand  humble o r  d e f i a n t ;  space t r a v e l  comes upon us  whether w e  love 

it o r  h a t e  it o r  do no t  heed it a t  a l l ,  whether we b e l i e v e  i n  i t  o r  

r i d i c u l e  i t ,  j u s t  a s  war and high flood t i d e s  and dea th  come over u s . "  

I n  a speech a few years  ago, I gave my own answer t o  the  ques t ion  

of t h e  s i g n i f i c a n c e  of space explora t ion  t o  the  ord inary  c i t i z e n  i n  

every country of t h e  world, a s  follows: "The exp lo ra t ion  of space can 

g ive  you new i n t e r e s t s  and new motivat ions a r i s i n g  from an expansion of 

your i n t e l l e c t u a l  and s p i r i t u a l  horizons as you t ake  a longer view of 

man's r o l e  i n  t i m e  and space a t  t h i s  po in t  i n  the  h i s t o r y  of t he  human 

race .  'I 

Pres iden t  Johnson s t a t e d  another goa l  i n  h i s  remarks fol lowing the  

completion of t h e  Gemini 5 mission.  H e  s a i d :  "As man draws nea re r  t he  

stars,  why should he n o t  a l s o  draw nearer  t o  h i s  neighbor? 

"No n a t i o n a l  sovere ignty  r u l e s  i n  o u t e r  space.  Those who ven tu re  

t h e r e  go as envoys of t h e  e n t i r e  human r a c e .  Thei r  ques t ,  t h e r e f o r e ,  

m u s t  be f o r  a l l  mankind--and what thky f i n d  should belong t o  a l l  mankind.'' 

The P res iden t  has s t a t e d  many times h i s  hope t h a t  the  exp lo ra t ion  

of space w i l l  draw mankind more c lose ly  toge the r  i n  f r i e n d s h i p  and 

coopera t ion .  But seldom has  he been more e loquent  than i n  t h i s  s t a t e -  

ment, t h e  c los ing  words of which I would l i k e  t o  use  a t  t h i s  time t o  

conclude my own remarks: 

". . . Gemini 5 w a s  a journey of peace by men of peace. The 

s u c c e s s f u l  conclusion i s  a notab le  moment f o r  mankind--and a f i t t i n g  

oppor tun i ty  f o r  u s  t o  renew our  pledge t o  cont inue  our  search  f o r  a 

world i n  which peace r e i g n s  and j u s t i c e  p r e v a i l s  . . . 
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"Gemini i s  but  t he  beginning. We re so lve  t o  have many more such 

journeys- - in  space and on e a r t h - - u n t i l  man a t  l a s t  is a t  peace wi th  

h imsel f .  

I Thank you. And now l e t  us  view toge the r  some of t h e  most dramatic 

. . . o . .  . 


